Objectives: To characterize exposures to noise and carbon monoxide (CO) among firefighters in British Columbia, Canada.
INTRODUCTION
Firefighting is a diverse job that involves responding to a wide range of emergency calls including fires, building alarms, motor vehicle accidents (MVAs), medical emergencies, and technical rescues calls. In addition to responding to emergency calls, firefighters also routinely engage in training drills, fire hall/equipment maintenance, and community outreach activities that may contribute to their exposures. Two common exposures encountered during firefighting duties are noise and carbon monoxide (CO). Noise and CO have been associated with an *Author to whom correspondence should be addressed. ; e-mail: lkirkham@interchange.ubc.ca increased risk of cardiovascular disease in epidemiological studies (Stern et al., 1981 (Stern et al., , 1988 Koskela et al., 2000; van Kempen et al., 2002; Babisch et al., 2005; Davies et al., 2005; Willich et al., 2006) . Research has also shown that noise-induced hearing loss can be potentiated by CO exposure (Fechter et al., 1987; Chen and Fechter, 1999) .
The National Institute for Occupational Safety and Health (NIOSH) investigations of firefighters indicated noise exposures are below the Occupational Safety & Health Administration's 90-dBA exposure limit with time-weighted averages (TWA) ranging from 60 to 85 dBA and noted that exposures rarely exceeded NIOSH's recommended exposure level of 85 dBA (Tubbs and Flesch, 1982; Tubbs, 1990 Tubbs, , 1994 Tubbs, , 1995 . However, Reischl et al. (1979) reported higher TWAs, ranging from 85 to 98 dBA among fire fighters. Noise levels measured during simulated Code 3 responses (i.e. those involving lights, sirens, horns) ranged from 81 to 118 dBA suggesting there is potential for overexposure (Reischl et al., 1979; Tubbs and Flesch, 1982; Tubbs, 1985) . Further, firefighters experience accelerated hearing loss, supporting the potential for over exposure to noise (Reischl et al., 1981; Ewigman et al., 1990; Kales et al., 2001) .
Previous studies indicate that CO exposures during fires are highly variable ranging from ,1 to as high as 15 000 ppm reported by Lowry et al. (1985) (Gold et al., 1978; Barnard and Weber, 1979; Treitman et al., 1980; Lowry et al., 1985; Brandt-Rauf et al., 1988; Jankovic et al., 1991; Bolstad-Johnson et al., 2000) . CO levels within fire halls have ranged from ,1 to 5 ppm, but peaks of 300 ppm have been reported during daily truck checks within vehicle bays (Lucas, 1982; Echt et al., 1993) . Sammons and Coleman (1974) found that non-smoking firefighters had significantly higher carboxyhemoglobin levels compared to matched controls, 5 versus 2.3% of hemoglobin respectively. They report that exposures exceeded occupational biological exposure indices (3.5% of hemoglobin), suggesting an occupation cause.
Although it is known that firefighters are exposed to both CO and noise, few studies have measured exposure levels. The majority of existing evidence was obtained over 20 years ago and may not reflect current exposures due to changes in policies and procedures, fire equipment, and job duties. Further, little is known about the determinants of exposure (DoE) for these hazards. The aim of this study was (i) to characterize firefighters' exposures to noise and CO during typical work shifts, (ii) to determine if firefighters' exposures exceed workplace exposure standards, and (iii) to identify DoE for prevention or harm reduction strategies.
METHODS

Study sample
This was a sub-study of a larger study of exposure monitoring involving firefighters from three municipalities in Metro Vancouver that had an overall participation rate of 90%. For this sub-study, firefighters were recruited from 13 of the 15 original halls. Fire halls were selected from each municipality to represent different activity levels: high (i.e. 300þ calls per month), moderate to low (100-200 calls per month), and halls with specialty units (e.g. hazardous materials response, technical rescue, fire boat/marine). Where possible, at least four halls were targeted for each stratum. Personal sampling was conducted for one crew per hall over both 10-h day (8:00 a.m. to 6:00 p.m.) and 14-h night shifts (6:00 p.m. to 8:00 a.m.) over four shifts.
Subjects were employed as a full-time professional firefighter including probationary firefighters (i.e. firefighters with ,1-year professional experience), firefighters, lieutenants, or captains; held a job in fire suppression (i.e. non-administrative); and were scheduled to work during the selected sampling period. The study procedures were approved by the Clinical Research Ethics Board at the University of British Columbia (H07-01418) and by the participating fire departments, the International Association of Fire Fighters, and the British Columbia Fire Fighters Association.
Noise and CO monitoring
Personal full-shift noise measurements were collected in accordance with CSA Standard Z107.56-94, Procedures for the measurement of occupational noise exposure, using datalogging Brüel and Kjaer 4436 Noise Dose Meters with 1-min logging intervals (CSA, 1994) . All dosimeters were calibrated with a certified calibration device before and after each sample. Personal CO measurements were collected using Dräger X-amÒ 3000 confined space monitors with internal pumps set with 30-s logging intervals. CO sensor measurement capabilities ranged from 1 to 1000 ppm. CO monitors were tested between each sampling set with standards at two exposure levels (10 and 98 ppm) to ensure calibration was maintained. Zero calibration was conducted prior to each sample. To conserve battery life of the CO monitors ($11 h, using internal pump) during the 14-h night shifts, CO monitors were turned off when the subjects went to bed and turned back on immediately upon receiving an emergency call or when subject woke in the morning.
Participants were asked to participate in four fullshift sampling days; however, this was not always achieved due to absenteeism and equipment breakage and availability. Between zero and four noise samples, and at least one CO, samples were taken for each subject. Due to existing PPE and firefighting gear, CO monitors were placed on the outside of the subjects' thigh using modified athletic shorts with pockets. Noise monitors were placed in pouches that were attached to the waist. Both noise and CO sampling tubes were secured to the body to avoid being pinched by the firefighting gear and fitted on the subjects' uniform lapel at the start of shift. In the event of an emergency call (i.e. when subjects were required to don their PPE over their uniform), subjects were instructed to ensure the sampling tube inlets were not covered up by their firefighting gear (i.e. turn out gear) and were placed outside their collar.
Determinants of exposure
Information on potential DoE was recorded through direct observation by trained researchers and hygienists throughout the duration of each subject's shift including runs, training activities, and fire hall activities. Variables that did not vary across samples included job title (probationary firefighter, firefighter, lieutenant, captain), type of truck assigned to (engine, quint, ladder, rescue), and municipality of employment. Each shift sample was further categorized for analysis as day versus night shift, use of fire-related equipment (yes/no), use of any motorized equipment (yes/no), participation in active firefighting training (yes/no), and whether they performed morning self-contained breathing apparatus (SCBA) checks (yes/no). Total number of calls over the sample was evaluated as a continuous variable up to six runs per sample. The sample shifts were also investigated by the type of emergency call attended as exposed at any time during the shift to an MVA (yes/no), medical, fire, routine, building alarms, or gas leak/electrical lines down emergency call.
Statistical analysis
Outcome and exposure data were imported into SAS v9.1 (SAS Inc., Carry, NC, USA). Samples ,4 h in duration were removed from the analysis as they were not considered representative of the shift. Data were evaluated using histograms and tests for normality (Shapiro-Wilk and Anderson-Darling) and log transformed where appropriate. For CO samples, data points less than the limit of detection (LOD) of 1 ppm were estimated as LOD/2. Data considered normally distributed were evaluated using independent t-tests and one-way analysis of variance tests. Non-normal data were evaluated by differences in medians using Wilcoxon rank-sum and Kruskal-Wallis non-parametric tests. Correlations between the dependent variables and continuous/ordinal independent variables were evaluated using Spearman correlations. For all analysis, tests of significance were conducted at the 0.05 level.
DoE modeling was conducted for noise measurements using SAS Proc GLM with L eq exposure as the dependent variable. There were insufficient CO measures above the LOD to conduct DoE modeling. Bivariate analysis between independent variables investigated correlations for collinearity and associations with chi-squared test.
British Columbia's provincial workers' compensation regulations, which are comparable to ACGIH TLV's, were used for compliance comparisons. CO exposure limits are 25-ppm 8-h TWA and 100-ppm 15-min short-term exposure limit (STEL). Noise limits are 85-dBA L ex , 140-dBC peak, and a 3-dBA exchange rate where every 3-dBA increase in noise exposure is considered a doubling of exposure. To obtain the daily noise exposure level (L ex ), noise measurements (L eq ) were adjusted by a correction factor for shift length as per provincial regulations, where day shifts were calculated as 10 h (L ex dayÀ10 h 5 L eq þ 1 dBA) and night shifts as 14 h (L ex nightÀ14 h 5 L eq þ 2.45 dBA) in duration (WorkSafeBC, 2010) .
RESULTS
Study sample
Of those included from the main study (n 5 46), only one participant refused to participate in this sub-study (98% participation). CO samples were collected from 45 male firefighters from April to November 2008, with a mean age of 41.0 -7.2 (standard deviation) and 14.2 -9.0 years experience. Noise measurements were collected from 40 of these subjects (five were not measured due to lack of equipment availability); both groups were similar with respect to age and experience.
Noise
A total of 113 valid full-shift dosimetry samples were obtained from 40 subjects over 46 sampling days, with an average of 2.8 -1.1 samples collected per subject [11 samples were discarded from analysis due to inadequate sample duration (n 5 6), calibration or equipment error (n 5 4), and equipment overload (n 5 1)]. Data were considered to fit a normal distribution based on histograms and tests for normality. The mean L eq and peak noise levels were 81.1 dBA (range: 69.1-99.9 dBA) and 137.1 dB (range: 126.7-upper measurement level of 152.0 dB), respectively.
Noise exposure descriptive and simple linear regression results stratified by study variables (i.e. DoE variables) are illustrated in Table 1 . Noise exposures were significantly higher during day shifts compared to night shifts, 83.5 and 78.8 dBA respectively (P , 0.0001), and explain $25% of the variation in the noise exposures. Noise exposures did not differ significantly by job title (data not shown) but differences were more pronounced when collapsed into supervisory (captain þ lieutenant) versus non-supervisory (firefighter þ probationary firefighter) groups, 79.2 and 81.5 dBA respectively (P 5 0.046). Subjects riding rescue and engine trucks had over a doubling of exposure compared to those riding ladder trucks (P 5 0.02 and P 5 0.03, respectively). In addition, attending at least one MVA call, using or being near fire equipment during the shift, and participating in active training were significantly associated with noise exposure (P , 0.05). Municipality, number of calls attended, attending at least one building alarms call during the shift, and conducting morning SCBA checks appear to cause a notable but non-significant increase in noise exposure.
Multiple regression models were developed; however, the determinants variables are not unique and many overlap and are related to each other, making interpretation difficult. One notable observation was the reduced effect of municipality once entered with the other static job variables (e.g. job title, shift, truck) or number of calls attended over the measurement duration (data not shown).
The average number of dispatched calls was 2.2 -1.9 (range 0-8) calls per full-shift sample ( Table 2) . The most frequent type of call was medical emergency calls, followed by building alarms (i.e. alarms ringing in building with no reported sign of fire/smoke). There were statistically significant positive correlations between L eq noise levels and the number of dispatched calls over the measurement period (r 5 0.21, P 5 0.02); when stratified by shift, the correlations became stronger for night shifts (r 5 0.33, P 5 0.01) compared to day shifts (r 5 0.13, P 5 0.30). When broken down by number of types of runs, MVAs (r 5 0.32, P 5 0.0005) and building alarms calls (r 5 0.19, P 5 0.04) were significantly correlated with noise level.
Carbon monoxide
A total of 156 valid full-shift CO samples were obtained from 45 subjects over 50 sampling days, with an average of 3.5 -0.8 samples collected per subject [12 samples were discarded from analysis due to inadequate sample duration (n 5 10) and equipment malfunction (n 5 2)]. The full-shift CO data were highly skewed and remained skewed after log transformation (12% less than LOD). Instantaneous maximum/peak CO concentrations that were reached during the measurement duration were also skewed and log transformed for analysis. Table 3 shows descriptive statistics for full-shift CO and peak CO exposures stratified by study variables. The mean full-shift CO exposure was 1.0 ppm [geometric mean (GM) 5 0.7 ppm, geometric standard deviation (GSD) 5 1.8 ppm] and ranged from ,1 ppm to 28.7 ppm. The mean instantaneous peak CO concentration reached during the measurement period was 42.93 ppm (GM 5 9.95 ppm, GSD 5 5.57 ppm). No significant differences in full shift and peak CO levels were observed across the three municipalities, type of shift, type of truck, or job title; however, probationary firefighters' mean peak CO exposure was almost three times greater than lieutenants' exposure levels, 67.4 (GM 5 14.8) and 24.5 (GM 5 9.6) ppm, respectively. Subjects who rode on rescue trucks had the greatest peak exposure (mean 5 74.3, GM 5 12.2 ppm) compared to those who rode on ladder trucks (mean 5 21.48, GM 5 9.32).
The average number of dispatched calls during CO sampling was slightly lower than those observed in the noise data but followed similar patterns (Table  4) . Both the full-shift and peak CO concentrations were positively correlated with number of calls; however, the relationship was not significant. Similar to noise, both number of MVA and building alarms calls were significantly associated with full-shift and peak CO concentrations.
Exposure compliance
The mean shift-adjusted daily noise exposure level (i.e. L ex ) was 82.9 -4.4 dBA [95% confidence limit (CL) 5 82.0-83.7 dBA], so the upper CL of the mean did not exceed 85 dBA; however, analysis of the L ex by day (84.5 dBA, 95% CL 5 83.4-85.6) and night shift (81.3 dBA, 95% CL 5 80.1-82.4) suggests that day shift noise levels may exceed occupational limits.
Approximately 27% of the samples exceeded the exposure limit of 85 dBA (Table 5) , and an additional 27% exceeded the action limit of 82 dBA. In British Columbia, a maximum peak exposure limit of 140 dBC is also regulated; 31% of our samples exceeded a 140-dB (linear) exposure limit. Combining both exposure limits, 45% of our samples exceed British Columbia occupational noise limits. Several Canadian, American, and International jurisdictions also use a 115-dBA maximum limit of continuous noise (i.e. non-impact, .1 s): 21% of our samples exceeded the 115-dBA maximum limit and increased the observed non-compliance by an additional 4%. Only one sample (0.6%) exceeded the occupational exposure limit for CO (25 ppm) and another exceeded the 15-min STEL. No additional samples exceeded the action limit of 12.5 ppm.
DISCUSSION
Our results show that firefighters are at an increased risk of over exposure to noise. The shiftadjusted noise exposures observed in our study are much higher than levels previously measured by NIOSH that rarely exceeded 85 dBA (Tubbs and Flesch, 1982; Tubbs, 1990 Tubbs, , 1994 Tubbs, , 1995 . We anticipated that our noise levels would be lower than previous studies due to changes in truck designs over the last 20 years that were made to reduce noise (e.g. enclosed cabs, repositioned siren) and changes in equipment design. However, our L ex measurements are comparable to those calculated by Reischl et al. (1979) . One difference they reported was that captains had the highest exposure levels due to their proximity to the radio system within the trucks. Truck design changes since the Reischl study may explain why we did not observe this effect. Further, from our initial analysis, the upper CL of the mean noise exposures did not exceed occupational limits; however, noise exposures are more complex and we illustrated that perhaps a more detailed assessment of exposures is needed to determine compliance of noise samples, particularly in occupations that have the potential of frequent exposure to impact noise.
As expected, we found that noise levels were significantly greater during day shifts compared to night shifts and explained 25% of the variance in the noise exposures, which remained significant after adjustment for other study variables. In addition to the noise associated with attending calls, firefighters are engaged in other activities between calls during day shifts that may result in added noise exposure including training, inspections, community service, and hall and equipment maintenance. Although these activities may take place for part of night shifts, the majority of the night shift is relatively quiet and firefighters are encouraged to sleep. Firefighters in non-supervisory roles had significantly higher noise exposures than those in supervisory roles. Firefighters are typically involved in operating equipment and performing noisy tasks whereas captains/lieutenants are more likely to be coordinating/performing administrative tasks that may result in lower exposures. Although borderline significant, it is believed that the true effect may be attenuated by misclassification of exposure. For example, during large fires, multiple fire halls are dispatched to the fire; in these instances, the captains/lieutenants in the first trucks to arrive on scene fill the supervisory roles and the captains/lieutenants in subsequent trucks arriving on scene engage in fire suppression tasks, thereby potentially increasing their noise exposures. Regardless, it should be noted that the variability among the exposure groups is very wide; suggesting that grouping by job title may not be very helpful in describing exposure. Neitzel et al. (1999) observed a similar effect among construction workers where exposures were also highly variable. They suggest the differences in noise exposures were most likely attributable to work environment factors rather than job title/tasks; this may also be true for firefighters. In our study, rescue trucks had the highest exposure level, which was similarly observed in a study of Memphis firefighters conducted in 1985 when they restricted their analysis to non-airport halls (Tubbs, 1990) . Rescue trucks tend to have higher call volumes overall (3.7 -1.5 calls per shift) compared to other trucks (engine 2.3 -1.7, quint 1.6 -1.8, and ladder 0.7 -1.6 calls per shift); therefore, the number of dispatched calls may be driving this relationship. This hypothesis is supported by the fact that ladder trucks typically respond to the least number of calls, and had the lowest exposure levels.
Interestingly, we observed an increase in exposure among Municipality 2. Municipality 2 responded to more calls on average (3.3 calls per sample) than municipality 1 and 3 (1.6 and 1.8 calls per shift respectively). In addition, many of the calls attended in the highest exposed municipality involved MVAs (14% compared to 7 and 5%) and calls in commercial areas where traffic noise was present, which may be contributing to the increase in noise exposure. This would explain why municipality became unimportant once adjusted for other study variables such as number of calls.
As hypothesized, number of calls over the measurement period was correlated with L eq noise levels (spearman correlation: r 5 0.214, P 5 0.2); however, when broken down into type of emergency calls, only number of MVA and building alarms calls were significantly correlated with noise levels. When type of run was collapsed into a dichotomous variable of exposure (yes/no), MVA and building alarms calls were also significant in simple linear regression. These results suggest that the number of runs, particular if at least one run was an MVA call, may be important for noise exposures. MVA calls are highly variable in nature; however, most occur on relatively busy roads. Some of the potential activities contributing to noise levels during MVAs (i.e. determinants) to investigate in future studies included general traffic noise and proximity to traffic, honking, other emergency vehicle sirens (police, ambulance, tow truck), clanging of metal (tow truck loading, car doors/hoods closing, prying metal with hand tools, or motorized equipment), bystanders/ crowd control noise, and proximity to the running fire trucks. Building alarms calls often result in exposure to continuous ringing of building alarms while on scene; however, the duration of the ringing vary widely resulting in our observed positive but weak correlation with noise levels. Proximity to ringing and duration of ringing may be helpful with future Non-compliant 51 45.1 n, number of measurements and dBA, decibels in A weighing.
Characterization of noise and CO exposuresdeterminants modeling. The number of (or yes/ no-dichotomous variable) routine calls showed no relationship with noise levels. This was not surprising as routine calls do not involve siren or horn use; most of our routine calls were fire complaints (e.g. reported backyard fires, beach fires) or back up calls that were mostly cancelled before arrival on scene. Use of any motorized equipment resulted in slightly increased exposures; however, it seems less important than fire-related equipment. Fire calls and use of fire-related equipment were strongly associated (chi square, P , 0.0001); however, whether a firefighter used equipment at the fire appears to be more important than if they just attended the call. To help tease out these relationships, a more detailed assessment is needed to identify specific exposures during these tasks, which may include proximity to determinants.
As previously mentioned, firefighters' daily activities are highly variable and many of the DoE overlap and/or are related in some way, which may have limited our ability to obtain meaningful multivariate models with the data at hand. However, we have identified potential areas to concentrate further efforts including MVA calls, building alarms calls, use of fire equipment, and training activities. It is important to note that we were unable to take PPE into consideration for our noise analysis. While riding in the fire truck, firefighters are supposed to be wearing headsets to (i) decrease noise exposure and (ii) provide a means of communication. The headsets have volume control, but it is unknown what their exposures were during these runs. Further, there are times when firefighters do not wear the headsets, primarily on route to fire calls, when they are busy putting on their personal protective equipment making adjustment difficult.
Full-shift CO concentrations were lower than expected and limited our ability to conduct modeling of exposures. Only two samples exceeded occupational exposure limits (1%); however, no other studies have published full-shift CO sampling for comparison. Unlike the results reported by Lucas (1982) and Echt et al. (1993) , CO concentrations within the living quarters were not detected, except in the vehicle bays. All the halls within our study had ventilation systems that attach to the fire truck exhaust pipes to extract the diesel exhaust that may account for the lower exposures. We did observe occasional CO peaks approximately at the time of arrival back to the hall (data not shown). This may have occurred during the task of attaching the ventilation system to the truck exhaust pipe. Current policy among the fire departments in our study is to attach the ventilation hose to the truck prior to entering the vehicle bay. However, we observed frequent violations of this policy where the extractor arm was attached after the truck was parked within the vehicle bay, particularly during night shifts. The observed peaks are similar to those reported by Lucas (1982) who measured CO levels of 250-300 ppm during engine checks.
We were unable to present data of CO levels by activity, but observed peak exposure ranges similar to those reported during fires from previous studies (Gold et al., 1978; Barnard and Weber, 1979; Brandt-Rauf et al., 1988; Bolstad-Johnson et al., 2000) . Lowry et al. (1985) and Treitman et al. (1980) reported concentrations reaching much higher concentrations; however, this may be due to differences in duties performed by the subject, measurement technique, or the intensity of the fire/ smoke measured during the measurement period.
A lack of a significant correlation between full-shift CO exposures and number of dispatched calls suggests that number of emergency calls is not a good measure of full-shift CO exposure. Further, the reasons for negative associations observed with CO exposure and medical emergency and gas/electrical/ explosion is unknown. One potential explanation is that these call types were typically in residential areas that may result in lower vehicle exhaust emissions from traffic that are considered the most likely contributor to non-fire-related CO levels.
We were unable to take into account use of PPE (i.e. SCBA) in our CO analysis. During fires and other emergency events, firefighters may don SCBA, which would decrease, although not eliminate, their exposures to CO (Jankovic et al., 1991) . In cases where SCBA was used, subjects' CO exposures may be overestimated and provide a more conservative measure; however, this provides little difference in our study, as average CO levels are already low.
Our study design was developed to evaluate typical shifts; therefore, we were bound by the emergency calls and exposures encountered during sampling. Due to this, there were several activities, equipment usages, and call types that were not observed during our sampling period. Further, for many shifts, we experienced lower call volumes than anticipated based on historical data limiting the occurrences of potential determinants. The small cell sizes among our potential determinants, due to the lower than expected call volume, and highly variable work conditions, may have limited our ability to see true associations. A second limitation of our study was the potential for measurement error. It was 772 T. L. Kirkham et al. possible that the sampling tube inlets were blocked (i.e. under PPE) by the firefighting gear during emergency events. The study staff attempted to check each subject to ensure the tubes were in the correct position after firefighters had donned their gear to minimize blockages; however, there were times when this was not possible and blockage may have occurred, thereby underestimating the exposure. Although subjects were observed during calls, there were times when they were not within view and research staff had to rely on subjects to recall the tasks they performed. Further, it is possible that research staff may have missed an activity/task undertaken during an event or training as there were up to four subjects to observe at one time. This would have most likely attenuated the relationships we observed. For analysis, any sample over 4 h in duration was considered a valid sample to represent exposure over a shift. Firefighting activities and exposures are extremely varied and we feel that the sampling time including in this study adequately represents their exposures (mean sample duration for noise and CO samples were 10.3 -3.0 and 7.9 -2.3 h, respectively). Delays in donning equipment, subjects' relief arriving early, and battery life were the primary reasons for decreased sampling time. Further, during night shifts, subjects turned off the CO monitors while they slept to preserve battery power. Through initial investigation and direct observation, we did not observe CO levels within the living quarters that exceeded the LOD (1 ppm) except within the vehicle bays; therefore, we feel that having the monitor off during this time would not have resulted in an increase in exposure and most likely would have caused an over estimate of exposure.
A culture of not wearing hearing protection during emergency calls due to the belief that it would interfere with their health and safety was evident among the fire departments enrolled in our study. Firefighters frequently commented that they rely on their ears when they can't see what is happening around them, particularly during fires when they are listening for cries for help or warning signs that the floor/roofs may collapse, and hearing protection would put them at risk for injury or death. However, from our observations, we identified five key areas where hearing protection may be possible to implement without putting firefighters at risk. These included times when firefighters are conducting weekly equipment checks, during fire pump operation, during MVA calls where traffic noise is present or mechanical equipment is being operated (e.g. jaws-of-life), during some training drills, and during SCBA checks. At the start of each shift, one firefighter, usually the most junior firefighter, checks each SCBA tank on all the fire trucks to ensure they are working. During this task, the tank alarm is triggered, which was measured to have noise exposures .112 dBA. Although the alarm is only triggered for a short time ($10 s), multiple tanks are tested which could significantly attribute to their full-shift exposure (i.e. dose). Implementation of hearing protection during these times may reduce firefighters' exposures below occupational limits. It is worth mentioning that PPE (i.e. hearing protection) is neither the only nor the most desired method to control/reduce noise exposures. Additional exposure reduction strategies should be evaluated such as engineering controls (e.g. purchase of quieter equipment) and administrative controls (e.g. education).
This study was the first to publish noise/CO exposures among Canadian firefighters and the only study to provide full-shift CO measurements to our knowledge. During sampling, we recorded determinants by direct observation, increasing the reliability of our data compared to studies using self-reported only. Our data suggest that either the firefighters in our sample are exposed to higher noise levels than those previously published in USA or potentially changes in technology and/or job duties over the past 20 years have increased their noise exposures. Due to the wide variability in firefighters' jobs, and hence exposures, we were unable to clearly identify DoE with our data; however, we have identified several areas where perhaps efforts could be concentrated in future studies. 
